Biosynthetic activity in heart valve leaflets in response to in vitro flow environments.
The development of bioreactors for tissue engineered heart valves would be aided by a thorough understanding of how mechanical forces impact cells within valve leaflets. The hypothesis of the present study is that flow may influence the biosynthetic activity of aortic valve leaflet cells. Porcine leaflets were exposed to one of several conditions for 48 h, including steady or pulsatile flow in a tubular flow system at 10 or 20 l/min, and steady shear stress in a parallel plate flow system at 1, 6, or 22 dyne/cm2. Protein, glycosaminoglycan, and DNA synthesis increased during static incubation but remained at basal levels after exposure to flow. The modulation of synthetic activity was attributed to the presence of a shear stress on the leaflet surface, which may be transmitted to cells within the leaflet matrix through tensile forces. The alpha-smooth muscle (alpha-SM) actin distribution observed in fresh leaflets was proportionately decreased after exposure to antibiotics and not recovered by either static incubation or exposure to flow. These results indicate that exposure to flow maintains leaflet synthetic activity near normal levels, but that the inclusion of another force, such as bending or backpressure, may be necessary to preserve alpha-SM actin immunoreactive cells.